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distribution, which has at least one coating layer made of a thermoplastic polymer material. Said process 
comprises at least the following steps: (a) extruding a thermoplastic material comprising at least one 
thermoplastic polymer and at least one dielectric liquid; (b) passing said thermoplastic material through 
at least one static mixer; (c) depositing and shaping the thermoplastic material around a conductor 
belonging to the cable so as to obtain a layer of thermoplastic coating on said conductor. 

AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, 
EC, EE, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

African Regional Intellectual Property Org. (ARIPO) (GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, 
ZM, ZW) 

Eurasian Patent Organization (EAPO) (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM) 

European Patent Office (EPO) (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE, TR) 

African Intellectual Property Organization (OAPI) (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN,TD, TG). 



Publication Language: 
Filing Language: 



English (EN) 
English (EN) 



PROCESS FOR PRODUCING A CABLE WITH A RECYCLABLE COATING The present invention relates to a process 
for producing a cable, in particular for medium-tension or high-tension power transmission or distribution. 

More particularly.-., the present invention relates > a process for producing a cable, preferably for medium-tension or 
high-tension power transmission or distribution, which has at least one coating layer made of a thermoplastic polymer 
material. 
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The need for products that are highly environmentally friendly, obtained from materials that do not damage the 
environment, either during production or during use, and that are readily recyclable at the end of their life, is particularly 
felt even in I ■> or 1 t ->f f d n t i t ^ mom vj 

communications cables. 



However, tl the costs and yet 

maintain o ^ ; - _ under - - common wotking un ; that are o v n to or even better than those of 
conventional materials. 



he sec ; dium-feneion or higr < ower mission i he i eat coatings vvhlc t ound the 
-ondiicior < rr rn v m < I n 
i> i >r i 1 PR ethyl r i e > 

:ros iked. The c g carried out after the step of extruding the polymer material around the conductor, gives said 

r 1c Im " r M n r muous use and under conditions of 

current overload. The oil v ^ < j i n i i / d < ;r 

il in r i i n i t r. if net jf 

water and of a suitable condensation catalyst, give rise to the crosslinking. 

Howv-f i i< /ell <x\\n h i \ n 1 i r i 1 i 1 

t 1 ■ c)t I t t i of its i I t ( it afion 

Electrical cables are also known which have an insulation consisting of a multilayer winding of a paper or 
pap x'lyoiot » h very large amounts of a dielectric liquid (commonly known as bulk- 

Impregnated i , i - 

I j t nt t "■ l ( > v i i t ,i - < in j 

pania; discharges and thus perforaticr; or the electrical Insulation. Dleieetr ic liquids thai are commonly used Include 
products such as, for example: mineral oils, poiyhutenes, alkyibenzenes and the like (see for example patents US-4 543 
207, US-4 621 302, EP-A-0 987 713 and WO 93/32137). 

However, it :s known that buik-impregr; a;eO caoies have marry drawbacks compared / cables 1 h m i 

insulation, « as a, result of which their use is currently restricted to specific fields of application, in particular to the 
production of high-tension and ultra-high-tension direct-current transmission lines, both for terrestrial Installations and, 
al m^ s r i i t < < >- >mx i, j 

> > i > 1 Im hit, h r ' i 

steps of the laminate and its subsequent impregnation with the dielectric liquid. In particular, the dielectric liquids used are 
required to have a low viscosity under cold conditions so as to allow high-speed and uniform impregnation, and at the 
same time they are required to have little tendency rewards migration during the laying and functioning of the cable, so as 
to avo:d tosses of i liquid from the cable i or one to breakage, in addition oulk- impregnated cadres are no: 
recyclable and their use is limited to working temperatures lower than 90 °C, 

I hi >ni >;i of | il 1 ( 1 < i < r I 3 ils of fiff< nt 

lie prior rn 

For 5X3 ■ atem applies 98<'2c disc uses a 5 <-voitag high-current cable in w Ik a <■ ■ j s 

the Inner 'If li n V outer sheath arc; made of the same m -d polymer material, coloured black by addition 

of carbon black. 

The use of the same material in the different layers does not require the abovementioned components to be separated in 
a i r > dm t r< n \ 1 

elastomers consisting or a polypropylene matrix in which is dispersed an elasromerlc phase consisting of F.PR or f >M 
copolymers Is indicated. 

-: Patent application i 893-801 . in the name of the Applicant, dlscioses a cadie comprising a conductor and one or 
more coating layers, in which at least one of said coating layers comprises, as non-crossiinked Case polymer material, a 
blend comprising : far a crystalline propylene homopolymer or copolymer ; and (b) an elastomeric ethylene copolymer 
with at least one a-olefin containing from 3 to 12 carbon atoms, and optionally with a dlene; said copolymer (b) being 
characterized by a 200% tension set value (measured at 20^ for 1 minute according to ASTM standard D 412) of less 
than 30%. 
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Patent application EP-A-0 893 802, in the name of the Applicant, discloses a cable comprising a conductor and one or 
more coating layers, in which at least one of said coating layers comprises, as non- crosslinked base polymer mate: ial, a 
blend comprising: (a) a crystalline propylene hcmopolymer or copolymer; and (b) a co? v . e ■ 

one a-olefin containing from 4 to 1 2 carbon atoms, and option d ly ' ' v j v % , 

a density of between 0.90 and 0.86 g/cm3, and by a composition distribution index, defined as the percentage by weight 
of the copolymer molecules having an a-olefin content which is not more than 50% of the total average molar content of a- 
oiefin, of greater than 45%. 

Patent application WO 00/41187, in the name of the App ; i. disc a cable cornpm g co >jctcr and at least one 
coating layer based on a non- crosslinked polymer materia! comprising a heterogeneous copolymer having an elastomeric 

r r h n ii dfilhermop;.s*icr c < i oolypropylene. The 

elastomeric phase In said heferogeneous copolymer represents at least mh% by weight relative to the total weigh; err the 
<BR> Pi <BR> heterogeneous copolymer. J ;dhe h-ek-roger;eous copolymer is substantially free of \ / all \\ 
denved from polyethylene blocks elastcme > -t- > •= t- - im — ien-a-J 
propylene which comprises from 15% to 50% by weight of ethylene and from 50% to 85% by weight of propylene, relative 
to the weight of the elastomeric phase. 

Patent application WO 93/13477 discloses an insulating material consisting of a thermoplastic polymer forming a 
continuous phase which incor poraies a liquid cx readily fusible dielectric, which forms a mobile interpenetrating phase u 
foe s oho polymer structure. The weigh! ratio between the rhermoplaslx: , o / ncx in- the dielectric is between 95: 5 and 
25: 75. 

The ins ila ^ ^ t rm< m tot 

exampl< by nn n i . 1 i i 1 i q r sk nal for the 

production of a high-tension electrical cable by means of extrusion around a conductor. The material can be used either In 
thermoplastic form or in crosslinked form. Among the thermoplastic polymers the following are indicated: polyolefins, 
polyacetates, cellulose polymers, pc ■ i Unci!', 

suggested to use poiyrrn ! it ;yn nin ■ 

i ii n j. irl u , t i I ( < e il 

The /'} j. > believes, however, i Ii technical problem of . i ni < an eieomcai coble with a coating consisting of a 
thermoplastic polymer material which has merXianieal and electrical properties thai are compa; able ' those of cables 
wik < I i i - If j i " Jll 3 t ii ill 

fin ti . - < h - jn ; h ^ - - nit nl 

strength under both hot and cold conditions, and at the same time high o s potentially polluant 

p C - 1 Ii r >f h 5 t > 1 i 

ound that although the addition of dielectric liquids to 
thermoplastic polymer material: sign :an icreases the e ; cai properties of the material (in particular the dielectric 
rigidity) prest ria r h >f view >f Industi n jmentattor 

f i i I fJi r i r id added to the thermoplastic polymer material needs to maintain 

1>ft b> t t i i t t i h | ! i in i f fieri t 

exudation < said dielectric liquid. In addition me Oielecirlc liquid should distribute itself uniformly within the material, so as 
to ensure high electrical performances throughout its thickness. For example, when the coating made of thermoplastic 
polymer material is the insulating coating, It is important mat the dielectric liquid should distribute uniformly itself 
throughout the coating thickness and should be present. In particular, in the interface zones between the inner and outer 
i ii — - i i j r n,' it t n ( i ti ii ( ( i 

in f ' - -«r t no in lt"j< i 

high level of reliability, even at elevated working temperatures (of at least 80 °C, preferably of at least 90 :: C). 

In particular, :he Applicant has found that- -the action of mixing the dielectric liquid into the thermoplastic maternal, which 
can take plac j an ju xooess, does not make Pie f; ; - c inr «itr ubst ntially 

homogeneous distribution of the dielectric liquid throughout Its thickness. 

i n- ! t i fx- 1 - - ° i i > the detriment of the 

outermost zones, which are actually the zones that are most sensitive to partial discharges and, thus, to perforation. 
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The Applicant has now found that ii is possible to produce a cable with at least one thermoplastic coating layer which 
includes a dielectiic i:quid dists if ally uniformly throughout the thickness or said coating. This is obtained by 

means of a proct^ s i ^imons-'S, oinior ^ 1 1' ■'frrnpl; 3tiv- n i r - - - p ; " h i m r \ h 
i i ' ! a - hi- t- ! \ s i 11 r J i i' 3 > in i nd a 

conductor by conventional techniques, for example by means of an extrusion head. 

i hiswav !i i in h hi i t j r I i f ower transmission and/or distribution,, having 

Jst c ensures substantia / a tn >ei unam jver time and thus 

high reliability. 

I accordance h the preset invention, t expression" cable conduoton'means a conductive element per ;;a. in elongate 
form and preferably made of metal, or a conductive element coated with a setniconductive layer. As stated earlier, the 
latter solution. - Involves tne use of a semlcondacfive layer both inside and outside the insulating - is typically 
is j \ c c d r ij ?n io i i r iss c n a < -ii disti butlon. 

In a-first aspect, the present inventiort-thus relates to a process for producing a cable provided with at least one 
thermoplastic coating, which comprises : extruding a thermoplastic material comprising at least one thermoplastic polymer 
and at least one dielectric liquid; passing said thermoplastic, material through at least one static mixer ; depositing and 
shaping said thermoplastic material around a conductor so as to obtain a thermoplastic coamig layer on said conductor. 

According to a first embodiment, said coating layer is a layer of electrical insulation. 

According to another embodiment, said coating layer is a semloonduetive layer. 

i eierrco embodiment, the dielectric liquid is added to the thermoplastic polymer when said polymer is in 

The extrusion step according to the process of the present invention, carried out in an extruder which Is known per se, 
generally c< npd es th < } si i 3 the thennof i > it least >n< e>:1 ider 01 - xj ih< 

tr rrnop li ( ^ i i i" >i i, t » , n ■ jgh said at 

least one extruder. 

The additio' < tin. ' > li|ijii'ol\ in .id info h< 

extruder, preferably in a zone of the extruder in which the polymer is in molten state, i. e, already piastiorsed. in particular 
in a downstream zone of the extruder. This solution makes It possible to meter out the dielectric liquid accurately and to- 
obtain excellent distribution of this liquid in the thermoplastic polymer. At the same time, the addition of the dielectric liquid 
to the air-' f i in - " r q m in the 

< ) v t xtn i n I jt > ■ i |i it > uitif hi. m it niiihrough 

the extruder-on account of the lubricant action brought about py this liquid. 

n i> i n Ii r } i l> > r j c m - 3 ha t two 

separate pernio so as to on me dielectric liquid as uniformly as possible in the thermoplastic , net 

According to another embodiment, the dielectric liquid Is added io the iherrriopiasfic polymer when said polymer is in the 
solid state. 



At the end of the extrusion -tor. a -6 f "'for ^ th > sk i if d < rn u t n he 

o "t j i i > a r° n ive any npurities in particular metal 

particles, which can impair the electrical properties of this material. The filtration step can be carried out between the 
extrusion step and =the step 1 1 e tht - cc ast c " z ere ^an be carried out 
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between the step of passing the thermoplastic materia! through the static mixer and the step of depositing and shaping tine 
materia! around the conductor. The filtration step can be carried out by using known devices, for example mesh filters or 
the like. 

The static mixer which can be used in the process according to the present invention is generally a blending device, which 
is known per se in the art, containing no moving parts, in which the blending action is obtained by forcing of the material to 
be blended pas: stationary blending elements. By diverting the direction o: the flow or constraining mis Now to pass 
1 i ',' \ \ n r v , 1 1 * Ji 1 hue 

making it possible to obtain the desired uniformity of properties within the material leaving this mixer. 

The static mis i [ > >U \ i II ' d i 

processes ol injection- moulding of plasties, for example a scatio * i disclosed \r, paten; UG-5 664 82? I general, 
this type of mixer comprises static blending elements in a single piece, ih j without welds c oints, so as to avoid 

as far as is possible any deformations and/or ruptures Inside the mixer, even when the material to be blended Is highly 
viscous and thus requires high extrusion pressures. 

it is important to emphasize that the use of a static mixer in the process according to the present invention does not 
involve any drawbacks relating to the handling v 

i > mhn i i d li 

commonly used lor coating power cables, rices no; give rise to scorching phenomena Cue to the presence of possible 
zones of stagnation of the material inside the static mixer. 

The subsequent depositing and shaping step of the thermoplastic materia! around the conductor can be carried out 
i ii •< f < Hi) Enpl 

head, so as to achieve a co- deposition of the three coating layers of the conductor (inner semiconductive layer, insulating 
layer and outer semiconductive layer) which are typically present in a medium-tension and/or high-tension cable. 

in a second aspect, the present Invention relates to a method for enhancing the electrical properties, in particular the 
dielectric rigidity, of a thermoplastic material comprising at least one thermoplastic polymer and at least one dielectric 
liquid, said m, V < \ t ^ 3 ' A^- - and passing 

said al Ic >n< v it > f Ii ii ' > least one dielectric liquid has been added, through at least one 

static mixer. 

According to one preferred embodiment of the present invention, the thermoplastic materia! comprises a polyolefin. 

Said polyolefin preferably has an elastic flexural modulus, measured according to AST'vl standard D/90 at ambient 
temperature, of from 30 to 1400 MPa and preferably from 60 to 1000 MPa. 

Said polyolefin preferably has a melt flow index (MFI), measured at 230 =C under a 21 .6 N load according to ASTM 
st i Ir LLv- _ f rom w 

I f r din thai: are suitable for ihls purpose can preferably be chosen i n (a) a high-density polyethylene Hi i [ with a 
density generally of between 0.93 g/cm3 and 0.96 g/cm-3 ; (b) a propylene homopolymer or a copolymer of propylene with 
at least one oiefinlc comonomer chosen from ethylene and an a-olefin other than propylene, said homopolymer or 

> t < ' its '&n or equal to 140°C, preferably from 145 to 170 and a heat of fusion of 

i >m ' i 

When a copolymer of r c w sn« with a • <r ~ s comonomer is used, said comonomer. Is preferably present in an amount 

i v 3 to t 1 ik v iUi - ^ - s ] i If ' - ,/ h elinlo comonor i: c sr 

ethylene or an a o e n of formula CH2»CH vhlch ft Is a iinea i. 2 tc 10 carbon- 

atoms, sa. id', a-oiefln being chosen, for example, from: i-butene, 1-pentene, 4-meth'yM-pentene, 1-hexene, 1-octene, 1- 
decene and 1-dodecene, and the like >. r r„ , [ r 

Accor iirif. fo c t - i il 1 I n- h- 1 r !> 

propylene homopolymer or a copolymer of propylene with at least one dermic comonomer chosen from ethylene and an 
h p e g an elastic fle> I modulus i! >e j 0 i z S = eferabiy 

- igeneous copolymer comprising a thermor. is s >n propylene and an 
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eiastomerie phase based on ethylene copolynrserized with an a-o!ef!n, preferably with propylene, in which the elastomerlc 
phase is present In an amount of at least 45% by weight relative to the total weight of the heterogeneous copolymer. 



The homopoiymers or cop lyi sategor exhibit a he ogeneoi nicro copi structure i e. a structure 

which Is substantially free of heterogeneous phases dispersed sn molecular domains greater than one micron. Specifically, 
said materials do not exhibit the optica; phenomena typical of heterogeneous polymer materials, and In-particular are 
characterized by improved transparency and reduced "stress vvhitsming :, of the materia! due to localised mechanical 

Within category (1 ■ mentioned above, particularly preferred is a propylene homopoiymer or a copolymer of propylene with 
t en - - - i n t r i i rioro/rn < 

£ ii oi from 30 to 80 J/g i which is so uble 

in boiling diethyl ether, in an amount of less than or equal to 12% by weight, preferably from 1 to 1 0% by weight, having a 
heat of fusion of less than or equal to 4 J/g and preferably less than or equ? o 2 i r is s iiuf !e in boiling 

n--hc it r< into'' n- 1- c 1 > , > a tt < I ft on . i 

from 1 ■! 4 j i f in o 30 J/a: a f rdnch i lain he; in an imou >f 

from 40 to 85% by ; abiv fron oO to 80% bv veight. ha - heat of fusio % eater than or equal to 45 

J/g and preferably from 50 to 95 J/g. 

utt 1 in i 1 lie? « \ in I'.d/c; - A a i , \ N| 

991 22840 filed on 1 7.1 1 . 1 999 in the name o? the Applicant, which is incorporated herein by reference : The 
heterogeneous copo "mr - ? s n~ category (2) are thermoplastic elastomers obtained by block ccpolymerization of: 

i Jti M ( I n " r < c r n n n 1 r ne ino an t 

olefin other than propylene: and then of: (ii) a blend of ethylene with an e -olefin, in -particular propylene., and optionally 

' - ii i - -li-f e a t jm°m 

Wit > 7 ' ! . i h jtn , ■ ihase 

n i y m el i 1 f , - " 1 > - < t < f t-thylene 

and from 50 to 85% by weight of propylene, relative to the weight of the elastomerlc phase. Further details regarding said, 
materials and their use for coating cables are given in patent application WO 00/411 87 in the name of the Applicant, 
which is incorporated herein by rereienoe 

Products of category (1 ) are commercially available, for example, under the brand name Reflex (D from Huntsman 
Polymer Corp. 

Products of category (2) are commercially available, for. example, under the brand name HifaxO from Monteil. 

The base thermoplastic: polymer as described above can be used as a mechanical Wend with a polymer of low 

l e jsio >. 0 J/g. the main function of which is to increase the flexibility of the 

material 1 1 - 



The a-olefin is preferably chosen from: propylene, 1-hexerse and i-cctene. When a dsene eomoncmer is present, this 
generally contains from 4 to 20 carbon atoms and Is preferably chosen from: linear conjugated or non-conjugated 

5 i c rmpie 1 ,3-butadiene, 1, 4-hexadiene or 1 ,6-octacs ene o mi r ^rycl r n 

polycycilc dienes, for example 1, 4-cyclohexadiene, 5-ethy!idene-2-norbornene, 5-methyiene-2-norbcrnene, 5-vlnyl-2- 
nc f >mer 5 < t mixtu q- 1 erec j he like- 

Among the ethylene copolymers that are particularly preferred are: (i) copolymers having the following monomer 
composition: 35-90 mol% of ethvlene: 10-65 moi% < an a-oieNn, oreierably propylene , 0-10 moi% of a ok x preferably 

dif -C -5 0:0 \ , I 1 ^ T , I ' I «P ' ' SVlXri 

f II I fl i a a -O " ^\ ^ a f ]f 

an a-clefin ; 0-5 mo!%, preferably 0-2 mol%, of a diene (for example ethylene/1 -octene copolymers, such as the 
Engage&ccmmat; products from Dow-DuPont Elastomers). 
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The dielectric liquid which can be used to carry out the present invention is an aromatic and o; aliphatic oil generally- 
having a dielectric constant of less than or equal to 8, preferably less than 3.5 (measured at 25 C C according to IEC 
standard 247). 

The dielectric liquid preferably comprises: (i) an alkylaryl hydrocarbon containing at least two, preferably at least three, 
non-fused aromatic rings and having a ratio between the number of aryl carbon atoms and the total number of carbon 
atoms of gn 

pkafion h " f e >n na n- f 1 

or (ii) a dipheny! e h ttutec at east n ^ ip c mat cor 

i v -i ; - ; ' . - , -c -r - - n -c r^m ' -o 3C ca bon atoms, preferably from 1 to 24 carbon 

i r ti [ i nlapolicaton No OU12 J 110 1 f -'it " Pa name of 

' i n i jnd (ii). 

Even nnm nr r L !r i r^. -j i 

container t la tsl tbn t n u er i ; n f 1 ti 3 

woi jh if ft ii" 

Exampi ^' ' , r - , » h h ' c ^ 

be v lt ikji - > !> n (methylbetvyi) toluene. . n > / / xylene, it < >, h n / m I' di (methyl- 

■ / ! (i n I i ^ j 5 t"ereof. 

Example if fienyi 
tolyi ether, 2,3'-ditolyl ether, 2.2' -difoly! ether, 2,4'-ditolyl ether, 3,3'-ditolyl ether.. 3,4'-dito!yl ether, 4,4'-ditoiyl ether, 
octadecyi dlphenyl ether, and the like, or mixtures thereof. 

The dielectric liquid which can be used to carry out the present invention has a predetermined viscosity such as to avoid 
iaj j n h i i i n i fn t tin 

such as to allow it to be easily red and blended Into the poiymer material. 

Generally, the dielectric liquid has a kinematic viscosity of from 1 to 500 mm 2ls and preferably from 5 to 100 mm2/s 
(measured at 20 "C according to ISO standard 3104). 

According to a further pteteued aspect, the dielectric liquid has a /vo ■ r ■. ' capacity ■ " it i than or equal to 
5 mrn3/min and [ id I greater than or equal to 50 mmS/min (measured according to IEC standard 628-A). 

According to a preferred aspect, to the dielectric liquid which is suitable for carrying out the present invention can be 

i ti r s f h qua: to 1 ight tela t J, an epo>:y resin 

which sew ; main o red e tt i ^ration speed o the ions in an electric e! d thus the di lect 
insulating material. 

Fhf v taht ti ) t r|«>i h r \ i h t rr \ t i s i ill 

be *<=en1 -i hi ^ "-5 f tt t I s s n n n i mi 1 

1 i i | f i n i it r ' i ' j if n iM 1 

m tk tie nt <i i r "> t u t> I the like 

ose are, for example, distearyi thiopropionate and pentaerythi ityl 
t->t ; s t "< 5 o ( r it ( > > f i t i i r i> i 5 lh< n of 

Processing coadjuvants which can be added .o I-" poi „ 1o s. 

stearic acid, paraffin wax, and the like, or mixtures thereof. 

When it is desired to prepare a semiconductive layer, a conductive filler, In particular carbon black, is generally dispersed 
in the thermoplastic material, In an amount such as to give said material semiconductive properties (i. e. such as to obtain 
a resistivity of less than 5 Ohm'm at ambient temperature). This amount-Is generally between 5%-and 80% by weight, 
preferably between 1 0% and 50% by weight, relative to the total weight of the mixture. 
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The possibility of using the same type of thermoplastic material Doth tor the insulating layer and for the semiconductive 
layers Is particularly advantageous in the production of medium-tension or high-tension cables, since It ensures optimal 
adhesion between adjacent layers and thus better electrical be nav oui ospc slly <! ' 
layer and the inner semiconductive yet in which the electric 1° \ 

For the purposes of the present invention, the term"medium-tension"generally means a voltage of between 1 and 35 kV, 
while' ! high ens t 3 >!tagss of greati an 35 kV. 

Although the present description is mainly focused on the production of medium-tension or high- tension power 
transmission oi distr ibution cables h process according ;o the present Invention can be used :o piepare tne to 

t I 1 i 0 1 ' t I 1 < - • i 1 lit 1 t 1 p to 

example low- tendon cables telecommunications oabies or combined m 5 < n j < 1 > cables, or to produce 

components of accessories used in the production of power lines, such as elastic sleeves for terminals or joints. 

Further details 1 be > r 1 e by the following derated desc; iphon ' reference ;o t' abashed vvnj in whu h 
Figure 1 is a perspective view of an electrical cable which is particularly suitable for medium tension or high tension, and 
which can be prepared according tc the present invention; -Figure 2 is a partial top-pian view of a production line 
K yA 1 if Eif 1 r r -1 f 1 » c -ik >h i h n e 

section are shown the points where :he cm e :ru o oi the dleieothc so was determined, 

in Figure 1 , the cable 1 comprises a conductor 2; an inner layer 3 with semiconductive properties; an Intermediate layer 4 
it 1 > » I " jh ujt r h< th, 7 

The conductor 2 generally consists of metal wires, preferably copper or aluminium wires, braided together according to 
conventional techniques. 

At least one coating layer chosen from the Insulating layer 4 and the semiconductive layers 3 and 5 comprises the 
composition of the invention as defined above. 

Around the outer e m w \ layer 5 is usually placed a shield 6, generally consisting or elect neatly conductive, 
helically wound wires or tapes. Said shield is then covered with a sheath ?, consisting of a thermoplastic material, for 
example non-crossiinked polyethylene (PE) or, preferably, a propylene homopolymer or copolymer as defined above. 

The cable can moreover have an outer protective structure (not shown In Fig. 1 ) whose main function is to protect the 
cable against mechanical impacts and/or compressions. This protective structure can be, for example, metal armouring or 
a layer of expanded polymer material, as disclosed in patent-appllcation-WO « ; 98/52197. in general, this outer 
protective tit Is :n a radially infernal position relative to the outer ah 7. 

Figure 2 diagrammatical ly represents a plant 1 00 in accordance with one particular embodiment of the process according 
to the present invention. 

detail, the y c no ses a - f Jde i ectric liquic 

i if I V r i i M\ I 5 1 II" 1 c 1 r t "> tU 

) ' 1 3( I it 1 i> the 

combination or the conductor 2. inner i 1 layer 3. insulating coating 4 and outer semloonciuonve layer 5 of the 

cable 1 in Figure 1, Is obtained. 

The extruder i0. shown nit t comprises a barrel 1 1 inside of which, via a suliabie motor means 12, is rotated 
1 on 1 ' i iii h 1 I r t o r mq of 

the electrical cabie 1 is made. 

S 1 polymer material Is introduced into the extruder 10 via a feed pipe 14, for example a hoppei, and subjected to 

narerlal i ; 0 tm rfa.ee of the barrel 1 1 and the cure surfa a c t the 

screw 13. 



i ii nq t^e etiqfh of the 

the amount of heat required to plasticize the abovementioned polymer material, I. e. to bring it to the molten state. 
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foe -u i F;^i°<. he e _Je - " dices a „it ■=! „>r ces ng n 1 r ntc r/hieh the 

dielectric liquid is fed. This further processing-unit 17 is connected to the extruder 10 by one or more flanges 16. 

As mentioned above, the plant 1 00 also includes a device 90 for feeding in the dielectric liquid. Said device 90 preferably 
comprises at. least one injector. 

Even more pn t > > ai 'o d 1 if ute 'he o t4ectr < liquid as 

homogeneously as possible in-the molten polymer materia;. 

Figure 2 iiaoiamr i , i , c ~ - v p - -3 ^ v rm ok > < ' 

V ' ' ' - i > uder 1 0 so as to be 

120° away from each other. 

The iin J f - „ hi 

Downstream of the device 90 for feeding In the dielectric liquid, the plan; 100 advantageously Pas a filtration section 60 

< mpurities co in h v , 1 'in >olym« r rr iter ,| 

i . " h i. x ! i > % e s 1 a 1 

i i < )ri ii f h | t n i u < i hi i o op imize 

the mixinc < th< dielect In i d \ stk nater d< < t uniformly iistributed 

throughout the thickness of She coating to be produced. 

Finally, ocvv si f ram of ho tin i< nix t 40 the f I 1,0 -c ,d : - ><m i I . >n< h more 

o itmg / \' ri >c > , | , , ^ i'i the U( • o 

cable being processed, 

f n / r Ii f i i i t i j ^ 1 1h m nid i i i 

r s t h t n t shown in f igure 2} placed 

on the line, on which conductor the combination of the inner semiconductlve layer 3, the insulating layer 4 and the outer 
semiconductlve layer 5 is deposited, said combination being technically defined by the term "core'df the cable 1 . 

Inctdt-rtj > i -e io ' C i <x <, , ci , > , i if i. t. !r j-n ;n head, which 

means that there come together inside It, not only the conductor 2 but also three separate extrusion lines for processing 
the materia! which, once deposited on said conductor by means of the preshaping imparted by said head, will lead to the 
Ii im ii • ii i S h t ( Is > I i 

abovementloned"core''of ihe cable. 

in the embodiment illustrated in Figure 2 and provided for the production of the cable 1 in Figure 1 , the extruder 1 0 of the 
plant 100 is provided for ihe processing according t > the presen; invention, of the th^i neoplastic materia! constituting, the 
in ,u e i a i a - f i i hi > o io 

50 of two separate extrusion lines that produce fpe Inner 2 and cure; -'; semiconductlve layers respectively. 

1'he irrov he exlf from thi ccordin; vention of th8"core of the cablet as 

defined above. 

v oroanc-' \> 'h a d 1'c-- • ear od - ■- 1 d c a ' o w- c saa;, ' , of ■ i i 1 

process according io the Invention can also be one or both of the semiconductlve layers, Ihe lines fo; processing arid 
piasticizing the materi ementi -J ne er 

= iows B and C) can be entirely analogous to the line shown in detail in Figure 2 and 
dr s -riber: above- with >? t - i f r axe to the products i of If is ting ig 4 the cable 1 

Generally, the"ccre"of the cable thus obtained, leaving the extrusion head 50, is subjected to a cooling step which can be 
carried out, for example, by passing the abovementioned core through a cooling channel, in which Is placed a suitable 
nperature of about 12-15 °G. 
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After a drying step, the"ccre"o? the cable is usually subjected to successive steps of coating v/r at e e emend- - „ - 
present in a power cable. 

in particular, with reference to the cable In Figure : , the"core"of the cable :s stored on a suitable reel and conveyed to a 
line to apply the metal shield 8. This shield is generally obtained by means of a tape screening machine, which heiscalsy 
places thin strips of copper (about 0.1-0.2 mm thick), via suitable rotating heads, preferably by overlapping, the edges of 
said strips of about 33% of their surface. 

e> < r ir v t cj / r > c r < a - c ly a ochec c~m t-e cable cere. 

The cable 1 Is then ^ , U i by t(\ j 3 t example by extrusion. ;he outer polymer sheath ~< : pieced t the m< ti 
shield 6. 

,\\ ' t " iifli '■" ! )iar 

100 according to the present invention. 

I greater d il i tine 20 composes a I reed tank 21 In which i stored, and refilled as I: :s consumed. She le t • 
i ( nk? s connected, via a line 2.2 , to a second working rank 23. 

The pre -.en ' I line 20 with the 

in < 1 1 } i i\ - 1 i } n i e< in > the 

ii i. it i -v i i t j i fh 

presence of a second tank 23, not connected to the first tank 21 , thus makes it possible to have in sard second tank 23 
dielectric liquid always at the working pressure, said dielectric liquid at the required pressure U a - e ed frc n tf 5 
! 21 to ; sec >n 1 nk t >nly when ti firs ik 21 >nc« oaded, has been brought to he j d ; 

pressure. 

in order to ensure a suitable i eguiation of the dielectric liquid flow to be released Into the line 20, the second tank 23 is 
provided with a suitable Instrumentation, such as a manometer 24 and a thermocouple 25, as wet! as a lever -measuring 
device {not shown) and an exhaust valve (not shown) which is into i it b, <« t jafed in -the event of there belng-an 
excess pressure inside the second tank 23. 

The dielectric liquid leaving t a , 

Said pump 26 Is preferably a membrane pump. 

Advantageously, and as illustrated in Figure 2, the pump 25 has three separate pumping heads 26'. Each pumping head 
26', provided with a separate inlet line 28 and with a separate outlet line 29, is intended to make the dielectric liquid flow 

3 i I * >< „ .r3 ^c o il if 

injectors, each or which is connected to a differed outlet line 29 of the pumping heads 25'. 

Each outlet line 29 is also provided with a manometer 30 {to monitor the pressure of the dielectric liquid in the line), a non- 
l tilir i! . . . - i f 1 ' i 7 t t 

in greater detail, the presence of said vaive 32 on each line 29 ensures that, especially when the plant 100 ;s started, the 
dielectric liquid is tec: Into the device 30 a; fne correct working pressure. 

Specifically, by closing the valves 32 on each line 29 and opening the valve 33 located on the recycling line 34 toward the 

1 m\ „ _ ^ i r_ ^m me rest of the piant 100. This operating situation is maintained until the 

pressure of the dielectric liquid reaches the desired value, at which time the vaive 33 can be closed and the valves 32 can 
be opened. 

When it Is desired to produce a multipolar cable, the process hitherto described for a unipolar cable can be appropi lately 
modified on the basis of he ndications giver and h< technical knowledge of a person skilled in the art. 

A number of preparation examples will now be given to describethe Invention in further detail. 
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EXAMPLE 1 A medium-tension cable of the type illustrated in Figure 1 was produced. 



The production line used had Ihe configuration Illustrated in Figure ;? and comprised three separate ext: uders flowing 
together in a ' ;-=e%is ~etm so as m e ste - the ;oot;os t c - c t~e sen conccti.e scat csr-cc" ; of 
coating to form the cabie core. 

into the d wru i at / ^ - 1 n J m >i 

tne same-cross section at 120- "from each other, connected as illustrated in Figure 2 to a line for feeding in the dielectric 
liquid. 

,1 li e»t ^ , ! f h t f a a ! i v i > n the 

company Sulzer, mode! SMK-R 30, having an inside diameter of 30.1 mm, an outside diameter of 45 mm and comprising 
4 mixing elements ::■ series with a total length of 135.5 mm. 

By using this plant, a Cu/Sn conductor (consisting of a plurality of wires braided together to form a cross section of 70 
mm2) was coated with: an Inner semiconductlve layer 0.5 mm thick; an insulating layer 5.5 mm thick; - an outer 
semieonduetlve layer 0.5 mm thick. 

The material of which both the serniconductive layers was made had the following composition: Hifax (D KS 081 1 00 phr 
Carbo black Y-200 55 ' <BR> <3R> Jarylec* EXp3 10 "<BR> <BR> <BR> <BR> IrganoxS 1330 0. 4 in which: HifaxOO 
K 1 | i i t r > i . , Hji 65% 

«e ■ lit ■ ; " > ' , • , ' a , i > e " r f i, m< iiicj pi lit of 163°C, a 

rVIFl of 0.8 1 1 r 5 and a deques! modulus of about 70 f (commercial product from Monteil): Jarylec tl Xf 
dibenzyitoiuene (DBT) (commercial product from Elf Atochem); Black Y-200: acetylene carbon black from the company 
SN2A, with a specific surface area of 70 m2<g ; lrganox# 1330: 1, 3,5-trimethyj-2,4,6-trls- (3,5-di-tert-butyl-4- 
hydroxyberi , >xidant from C i Geigy). 

The term"phr"means parts by weight of each component per 100 parts by weight of polymer. 

This material was prepared by mixing the components together in a Werner internal mixer (interna! volume: 6000 cm3) for 
10 rnin at 200 -C (rotor speed: 44 rpm). 

A 45 mm Bid n t n i i n <. Quration 20 D, having three zones of temperature regulation with 

diathermic oil., was used for the inner serniconductive layer, and a 60 mm V, o< in v ' °*X J le in t % < v 
20 D was used for the outer serniconductive layer. The temperature profile of each extruder is given in Table 1 . 

The insulating layer consisted of a thermoplastic material comprising RexfiexS VVL.1 05 and 7.5% by weigh! of Jarylec 
EXP3, in which: Rexflexff WL105: propylene hcmopolymer, having a melting point of 160 C C, a heat o? fusion o? 56.7 J/g, a 
PvlFi of 1 .8 dg/mln and an elastic fiexural modulus of 290 MP a (commercial product from Huntsman Polymer Corp.); 
Jaryiec# EXP3: as above. 

The Insulating layer was extruded by using a I00 mm Bandera single-screw extruder in configuration 25 D, having a 
temperature profile as given in Table 1 . 

TABLE 1 Zone of the n 31 | Outer i in i layer semloondnotive layer [VA layer i < O) Zone 

1 1 70 1 50 1 60 Zone 2 1 80 1 70 : 70 Zone 3 1 90 1 80 1 80 Zone 4-1 80 1 90 Zone 5-1 90- Extruder/head 200 1 90 200 
flange Die 1 90 The following tests were carried out on the cable thus obtained. 

Distribution of the dielectric liquid In the Insulating layer. 

i " K i t f v it s i x n - o' Ifm o ib i. f v 

using a microtome and were anaiyeed by quantitative Inflated spectroscopy (macro H'iR ■ m older to determine the 
amount and the distribution of t edeei ic quid n e - sorption bands of the 

dielectric llquic Tiaf ngs at 696 cm-1) and of polypropylene (alky; branches at 901 cm- 1) as. reference, calibration 

r j l t - m i l ) ' , j j ir o h 

letters a-d In Figure 3) placed at 90 c from each other and lo< ated on the ; 

and thus at the same distance from the conductor; five points (identified by-the letters e-h in Figure 3) located adjacent to 
each other, about 1 mm apart, on the same radius defining the thickness of the insulating layer 4. 
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The results obtained are given in Tabie 2. 

Measurement of the dielectric rigidity of the cable Prom the cable obtained as above were out three pieces, each with a 
useful length of 20 m. Said pieces were subjected to a test of dielectric rigidity by using a voltage alternating at industrial 
frequency (50 Hz), at ambient temperature- A gradually Increasing voltage was applied between the conducror-and the 
earthed metal shield. In detail, by starting from an initial value of 0 kV, the voltage was gradually Increased every 10 min 
by an amount of 10 kV until perforation of the - I \ cj laver k - . ~ - - - i < < - : 1o., a. ho average of the three 
pieces of cable) are given In 'fable 2, 

EXAMPLE 2 A tK di r in on ilen.' > I < i \ , t nl 

>m i r " i - 5 - f )r If i > 

EXP3. 

The same tests as in Example 1 were carried out on the cable thus produced. The results are given in Table 2. 

EXAMPLE 3 A medium-tension cable was produced as described in Example 1 , the only difference being that the 
insulating layer consisted of a them ■ i g H f a*0 KS 081 and 9% by weight of JarylecO EXF'3. 

A dielectric rigidity measurement was carried out on the cable thus produced, as described in Example 1 . The results are 
given in Table 2. 

EXAMPLE 4 (comparative) A medium-tension cable was produced as described m Example 1 , the only differences being 
that the production plant did not comprise a static mixer and the amount of additive in the insulating maternal was equal to 
4% by weight. 



A measurement of meieetnc rigidity was' corned out or; me came thus produced, as described In Example 1. The resell:: 
From the data given in Tabie 2, the following can be noted 

Firstly, it can be deduced that the process according to the present invention makes It possible to achieve a uniform 
a t i hi ^ c - m. ^r \r < ->H ^ 

V it plastic - - ing comprising s mJ i n \ i r r r , > 1 

process for pr< - \ lei seed out wither static mixer. 

S nd!> 3 r - - / t it >v i ' it) tnifh 1r t button of the 

dielectric liquid : specifically, obtaining a uniform distribution of the dielectric liquid In the coating layer of the cable (see 
Examples ■ - - , N ■ ■ = 

TABLE 2 EXAMPLE1234 ( 5 C - c ' 4^ " - o 1 m ' ^ " r r , „ ir quio c i 

Point a 7.5 6,4 n.m, 1 .2 b 7, 2 6, 7 4. 0 c 6,9 6.7 3. 4 d 7. 2 6.7 3.9 - e 7.6 7.9 1.8-f 7,8 6,7 3.2 - g 7.5 6.3 3,7 - h 7.3 6.5 
4. 4 - i 7. 5 8. 0 2.8 - ( *}: comparative n. its.: not measured 

CLAIMS 1 . Process for pi educing a cable provided i a: least one thermoplastic coating, which oomp rises <BR> <BR> 
<3R> - / i j »if ; material comprising at least one thermoplastic polymer and a: least one dielectric 

liquid: passing said thermoplastic material through at least one static mixer; depositing and shaping said therm; 
material arouno a conductor so as to obtain a layer of thermoplastic coating on sale conductor. 

i > I 1 r jU! I ar. i° f, - a i i n - ! s 

molten state. 
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3. Process according to Claim 1 , in. which said dielectric liquid is added to said at leaf i Mastic polymer in the 
solid state. 

4. Process according to any one of the preceding claims, in which said extrusion step comprises the following sub-steps: 
feeding said at least one thermoplastic polymer into at least one extruder; e conveying said at least one thermoplastic 
polymer through said at least one extrude plastlclzi g s i ?n noplasii i d at 
least one extruder. 

5. Process according to Claim 4, in which said dielectric liquid is added in a zone of said at least one extruder in which 
< o ; - ],o - ti a o 

6. Process according to Claim 5, characterized In that said dielectric liquid Is added in at least two separate points of said 
zone of said at least one extruder. 

7. Process according to Claim 4, in which said dielectric liquid is added to said at least one thermoplastic polymer during 
said feeding sub-step. 

8. Process; according to Claim 4. m which said -dl-eleatrlL- liquid Is a, deed -to said ai least one thermoplastic polymer 
before said feeding sub-step. 

9. Process jc ^ idinq > ', w nwtK 1 '! io on - q ; < xi o r i v ine zone of said at least one extruder In 
which said at least one thermoplastic polymer is in the solid state. 

10. Process acc i ' ' y ij - i i 1 : ■ ^ 
said thermoplastic material. 

1 1 . Process according'to Claim 1 0, in which said filtration step is carried out prior to said step of passing said 
thsrmopl; ti h a! iti mixer. 

12. Process according to Claim 10, in which said filtration step is carried out after said step of passing said thermoplastic 
material through a: least one static mixer. 

1 3. Process according to any one of the preceding claims, characterized in that said at least one thermoplastic coating Is 
a layer of electrical insulation. 

14. Process according to any one of Claims 1 to 12, characterized in that said at least one thermoplastic coating is a 
semiconductlve layer. 

Process according to any one of the preceding claims, characterized m that said thermoplastic material comprises at least 
one poiyolefln, 

1r 1 r jf i t i h n I i 1 

according to ASTM standard 0790 at ambient temperature, of between 30 and 1400 IV! Pa. 

17, Pre dmg c: fiexura I modulus is between 60 a 3 1000 IV! Pa. 

18, Process according to Claim i 5. characterized in that said poiyolefln has a melt flow index ■ tvl F I } . measured at 230 °G 
under a 21 .6 N load according to ASTM standard D1238/L, of between 0.05 and 1 0.0 tig/min. 

1 9, Process according to Claim 1 8, characterized in that said melt flow index is between 0.5 and 5.0 dg/min, 

20, Process acco ig to any one of Claims 1 5 - ' d-li d polyol from the grour. 
comprising: a) a high-density polyethylene I! [ with a density of between 0.93 g/cm3 and 0.95 g/'cmS : b) a propylene 
bomoposymer or a copolymer of propylene with at least one dermic comonomer chosen from ethylene and an a-oiefin 
other than propylene, said homopolymer or copolymer having a melting point greater than or equal to 1 40 : C and a heat of 
fusion of from 30 to 1 00 J/g. 
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21 . Process according to any one of the preceding claims, characterized in that said dielectric liquid is an aromatic oil, an 
aliphatic oil or an aliphatic and aromatic oil with a dielectric constant (measured at 25 °C according to !EC standard 247) of 
not greater than 8. 

22. Process according to Claim 21 , characterized in that said dielectric constant is less than 3. 5. 

23. Process according to Claim 21, characterized in that said dielectric liquid comprises: 0) an alkyiaryl hydrocarbon 
containing at least two, non-fused aromatic rings and having a ratio between the number of aryi carbon atoms and the 
tots! numbei of carbon atoms of greater than or equal to 0.6; or (ii) a dlphenyl ether, which is urssubstituted or substituted 
wrr • e c - i ii , , > < >r - < v 1 1 | >r ji ' h, , ' >n r oral containing 
from 1 to 30 carbon atoms:, or a mixture of (I) and (II). 

24. Process according to any one of the preceding <BR> <BR> <BR> daims,-charaoterized In that an.-, epoxy. resin is a. 
dded to said dielectric liquid. 

25. Process according to Claim 24, characterized in that said epoxy resin Is added In an amount of not greater than 1 % by 
weight relative to the weight of said dielectric liquid, 

26. Process according to any one of the preceding claims, characterized in that the weight ratio, between said dielectric 
liquid and said at least one thermoplastic polymer is between 1 : 99 and 25: 75. 

27. Process according, ;o i 25, characterised In thai i vvesighf ratio Is between 2 98 and 20: 80. 

28. Process according to Claim 27, characterized in that said weight ratio is between 3: 97 and 15: 85. 

29. Method for enhancing the electrical properties, in particular the dielectric rigidity, of a thermoplastic material 
comprising at least one thermoplastic polymer, said method comprising the steps of: adding at least one dielectric liquid to 
saisi. a: lead one rhem-ioplaoec polymer, passing said at :eas! one thermoplastic: polymer, to which said at eras: one 
dielectric liquid has been added : through at least one static mixer. 
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